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YUCEJIbHE MOJIEJTIOBAHHSA BEPCTATHUX NPUCTPOIB
JJIsI MEXAHIYHOI OBPOBKHU JIETAJIEW TUITY BAXKEJIIB

VY crarTi 3anpONOHOBAaHO KOHCTPYKIIIO BEPCTATHOTO MPUCTPOIO, KUl 3a0e3meuye JOCTaTHIO 1H-
CTPYMEHTaJIbHY JJOCTYIIHICTb i JJ03BOJISIE BUKOHYBATH 0AaraTOKOOpAWHATHY 00pOOKY JieTasleil THITY
Ba)XXKEJIIB IIPH OJTHOMY 3akpiruieHHi. JlociipkeHHs, BUKOHaHI METO/IaMH YHCEIbHOTO MOJEINIOBA H-
HSl, TiITBEPIMIIM, 10 3alpOIIOHOBaHa KOHCTPYKIIS BIANOBiJAE yciM mapamerpam TodHocTi. Pe-
3YJIBTATH JOCIIIKCHb HAIPY)KEHO-Ae(hOPMOBAHOIO CTaHy MOKA3aJId, 10 BETMYMHHU MEPEMIIICHb 1
HAMPYXEHb, SKI BUHUKAIOTh y MPOIECI MEXaHIYHOI 00pOOKH, y 3alpOITOHOBAHOMY BEPCTAaTHOMY
NpUCTPOi MEHII, HiX y cTaHnapTHuX. [IpoBeaeHnii MoaibHUI aHaMi3 MiATBEPANB, IO 3arpoIIo-
HOBaHUI1 BEPCTATHUHN MPUCTPili Ma€e 3HAYHO BHUINY AWHAMIYHY JKOPCTKICTh, HXK CTaHJapTHI BEp C-
TaTHI MpUcTpoi. MozenoBaHHS BUKOHYBAJIOCS JJIsi 0OOpOOKM BajKeJiB 13 CTali, YaByHa, aJllOMiHi €-
BOTO CIJIaBy. Bu3HaueHi 3a/Ie)KHOCTI MepeMillieHb 1 HanpyXeHb BiJl TIIMOMHU Pi3aHHs, 10 03B 0-

JISIE ONTUMI3YBaTH TIPOIIEC MEXAHIYHOI 00POOKH.

Kniouoei cnosa: BepcraTHuil IpUCTPIii, TEXHONOTTYHHUHN TIpoLiec, (pe3epyBaHHs, HANPYKe-
HO-7eOpMOBaHMH CTaH, HANPYKESHHSI, IEPEMIIIEHHs], TOYHICTh, YaCTOTa.

Beryn. BaximBy ponb y 3a0e3liedeHHI BHIYCKY
KOHKYPEHTOCIPOMOXKHOT MPOAYKINI BiAIrparoTh BEpCTaT-
Hi npuctpoi (BII). Lle miaTBepaKyeThCsl TUM, 11O BOHH
ckianaots 70—80% Bix 3arajabHOrO 00CATY TEXHOJIOTIY-
HOl ocHacTku [1], 80-90% BuTpaT Ha TEXHONOTIYHY ITij-
TOTOBKY BUPOOHHIITBA BUTPAYAETHCS HA IPOCSKTYBAHHS Ta
uroroBnenHs: BIT [2], 10-20% 3aranpHOi BapTOCTi BU-
poOHuuMX cucteM cranoBuTh Bapricte BIT [3], mo 40%
OpakoBaHMX JeTajell y MallMHOOYIyBaHHI BUHHMKAE dYe-
pe3 Henockonanicts BIT [4].

IHocTanoBka mnpodiaemun. CydacHe MamuHOOYZY-
BaHHS XapaKTEPU3YEThCS 0araTOHOMEHKIATYPHICTIO Jie-
Tayuei, 10 BHUIYCKAIOTHCS. 301IbLICHHS HOMEHKIATYPH
BUPOOIB notpedye YCKJIaJJHEHHS MIPOEKTHO-
KOHCTPYKTOPCHKUX POOIT i3 BUTOTOBJICHHS TEXHOJIOTIYHOT
ocHacTk#, ocobnmBo BII. Taki ymoBH BHpOOHHUITBA BU-
MAaralTh YacTHX IEpeHANaro/keHb Ha OOpOOKY iHIIOT
mapTii Jeraneid, Mo CTaBUTh MUTAHHSA NPO E€KOHOMIYHY
JIOIUTBHICTh TIPOEKTYBAHHS Ta BHUT'OTOBIICHHS CITCIliallb-
Hux BII ams meraneit KoHKpeTHOro TUHOpO3Mipy. Tomy
aKTyaJbHIUM € BIPOBaDKeHHS THY4Yknx BII, ski 3abe3rme-
YYyIOTh TEePEHANArOKEHHSI Ha 1HINMI THIIOPO3MIp JeTa-
net [5].

AHani3 octaHHiX qociaimxkeHsb i Jirepatypu. Cy-
YacHa TEHJCHIIIS peaizallii MexaHIYHOi 0OpOOKH — BHCO-
Ka iaTeHcudikamis TexHonorigaux mporecis (TII), Tooto
CKOPOYCHHSI BUTpAT INTYYHOI'O 4Yacy 3a pPaxyHOK 3MEH-
LICHHS YAaCTKH JOMOMDKHOIO 4yacy, IO B YM OBax »OpCT-
KOl KOHKypeHIii Ha pPHHKY, 0araTOHOMEHKIATYpHOCTi
JeTaieil MalMHOOY/AyBaHHS Ta MOXKIIMBOCTEH Cy4aCHHX
METaJIOPI3aTbHIX BEPCTATIB — € aKTyaJIbHOIO 33aJa9eio Ha
cporomHi [6]. OmHUM i3 OCHOBHHX pillleHb IOAO ITiABH-
mieHHs iHTeHcHu(ikamii MexaHigYHOI 0OpoOKHM € po3po0-
JICHHS Ta BIPOBaKEHHs mporpecuBHux BII, ski MawoTh
BHCOKHH CTYIIiHb THYYKOCTi, O3BOJISIFOTH BHKOHYBAaTH
MexaHiuHy 0OpoOKy 3a MiHIMaJIbHY KUIBKICTH YCTaHOB-
JIeHb 32 PaXxyHOK ITiBHIICHHS 1HCTPYMEHTAJIBHOI TOCTY-

MHOCTI Ta 3a0e3MeueHHs 0araTOKOOPAMHATHOI O0OpOOKH.
[MparuenHs: 10 oOpoOKHM JeTaii 3a OJHE YCTAHOBICHHS €
0COONMBO AaKTyaJIbHUM ISl BEpPCTaTiB CBEPAIMIBHO-
(hpe3epHO-pO3TOUYBAIBLHOI TPYIH, apKe HAa HHUX 00poO-
JSIFOTHCSL Pi3HI JeTalli CKIIaJHOI MPOCTOpoBoi KOH(pIrypa-
i1 13 B3a€EMHUM PO3TalllyBaHHSM ITOBEPXOHb IiJl PI3HUMHU
KyTaMH 3 MaJllMH JOIYCKaMH B3a€MHOI'O PO3TAIIyBaHHS.
Le, sik npaBuio, nmorpedye BENUKOI KIIBKOCTI YCTAaHOB-
JIeHb Ta YaCTUX 3MIH cXeM 0a3yBaHHsI, IO Oe3M0CepeHbO
BIUTMBA€ HAa TOYHICTh BUTOTOBJICHHS KiHIIEBOTO IPOAYKTY.

Ha BumeBka3zaHuX BepcraTax, SIK IpaBuiIo, 00po0-
JSIOTBCS JeTajli THITY KOPITyCiB, OJIOKIB IWTIHIDIB, TIIa-
HOK, IATYHIB, KPOHIITEHHIB, Ba)KeliB TOLIO. TakoX BHU-
KOHYETbCsl (ppe3epyBaHHs LIMOHKOBHX MAa3iB 1 JIMCOK HA
BaJlaX, CBEP/UIIHHS PajiaibHO-PO3TAIIOBAHMX OTBOPIB Y
(hmaHIAX 1 AUCKAX Ta OTBOPIB, PO3TAIIOBAHMX ITiJ] KYTOM.

[TiABUIIIEHHS THYYKOCTI Ta PO3LIMPEHHS TEXHOIOT14-
HUX MoxumBocTer  BII, ckopodyeHHS  miAroToBUO-
3aKIIIOYHOTO Yacy Ha iX IepeHalaro/pKeHHs, a, OTKe, Iiji-
BUIICHHA €()eKTHBHOCTI BHUKOPHUCTAHHS METaJIOpPi3aIbHUX
BEpCTaTiB 3a0€3MEUyEThCSI 32 PAaXyHOK PO3pOOIECHHS Ta
BIPOBA/DKEHHS [IBUIIKOINEPEHATAr0/PKYBaHUX 0a3yI0unX
MOIYNTiB, SKi BXOAATh 1O KOMIDIEKTY YHIBEpCabHO-
36ipHUX TIepEeHAar0/KYBAHHX TIPUCTPOIB [ 7, 8].

Po3pobienHi KOHCTPYKTOPCHKI pimeHHS i 0azy-
BaHHSA KOPIYCHHX meraieii 3a ruromuHoo [9-11], mro-
IIMHOIO Ta JBoMa oTBopamu [12, 13], y xoopauHATHHI
KyT [14], a Takox nmeraneil Ty Tinm obepTaHHS 3 0azy-
BAaHHSAM 32 3O0BHIIIHIMH IIIHAPAYHUMH TIOBEPXHIMHU
[15-19] Ta BHYTpimHIME HTIHIPAYHAMH MTOBEPXHIMH
[20, 21] mokasanu BHCOKY €(pEKTHBHICTH B yMOBax Cy-
YaCcHOr0 MaIIMHOOYyBaHHS.

Y MammHOOyIyBaHHI, 30KpeMa B aBTOMOOUIBHIH
MPOMHKCIIOBOCTI, TOCHTHh PO3MOBCIO/KCHHM € KJac JIeTa-
Jeit ckiagHol GOpMHE, IO SKOTO HallekKaTh BaXkelli, KPOH-
IITeHHY, BUJIKA, MATYHU, KYJiCHI, TATOBI Ta iHII JeTai,
AKi BXomaTh g0 kimacy 74 srimo €CKJ[ 1.79.100
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OK 012-93. Bonu xapakTepu3ylOThCsl HasIBHICTIO BEIUKOL
KiJIBKOCTI TIOBEPXOHb, PO3TAIIOBAHUX Yy PI3HHUX ILIOIIH-
Hax MiJl pi3HUMH KyTaMH ofiHa 110 iHmmoi. He3Bakatoun Ha
X CKJIaJHy IPOCTOPOBY reOMETpHYHy HOopMy, 1X eeMeH-
TapHi MOBEPXHI NPOCTi (UMIIHAPUYHI T4 KOHIYHI OTBOPH,
LITOHKOBI Ma3H, MIOLIMHM, YCTYIH ToIo) [22].

JleTaii HaHOroO KIacy XapaKTepH3YIOThCs CKIaJIHiC-
TIO CXEM YCTAHOBJICHHS Ta HEIOCTATHHOK IHCTPYMEHTAa-
JIBHOKO JIOCTYIHICTIO, 10 OOYMOBJICHO CKJIAJHHUM PO3Ta-
UIYBAaHHSIM MTOBEPXOHb Y MPOCTOPi, TOMY TOCHTh CKIAIHO
HaBiTh Ha CyJacHOMY oOiaJHaHHI 3a0e3rednTu Oararto-
KOOpJIMHATHY 00pOOKY JeTayeii Ta IHTCHCU(IKyBATH TEX-
HOJTOTTYHHMI TIPOIIEC TX BUTOTOBJICHHSL.

VY nanumit yac oOpoOka aeraneld ckiuamHOi (Gopmu
BUKOHYETBHCS 13 3aCTOCYBaHHSIM CHellialbHUX abo yHiBep-
canbHO-30ipHNX BII, ski a00 BHKIIOYAIOTh MOMJIUBICTh
MepeHaIaro/KeHHs, ab0 T03BONSIOTh BUKOHYBATH HOTO B
MaJioMy Jiana3oHi po3mipis [23].

Mertor maHoi poOOTH € OOTPYHTYBAHHS JOIITEHOC-
Ti po3podennst B, sikuit 3a0e3neuye MOXIHMBICTD Tepe-
HaJaro/okeHHs eiieMedtiB BII i1 BCTAHOBIEHHS [eTa-
Jiel THIy BaKeliB y MEBHOMY Jiana3oHi po3Mipis, mil-
BUIIYE iIHCTPYMEHTAIBHY JOCTYIHICTh Ta J03BOJISE BUKO-
HyBaTH 0araTOKOOpJMHATHY OOpOOKY, a TaKOX JIOBECTH,
o 3anpornoHoBaHa koHcTpykuis BIT 3abe3neuye 3amani
[MOKAa3HUKKM TOYHOCTI MPH MEXaHiuHiil o0podmi aeranei i
MOPIBHATH 3 aHAJOTIYHUMH TOKa3HMKaMH CHeliabHOTO
Ta 36ipHoro BII.

Marepianu npociimkedb. O0’€KTOM JOCHIHKEHHS
00paHo JIeTai THITy BaXelliB, SIKI € CKIIaJIOBUMH 0araTthox
arperaris i1 By3JliB MalllMHOOYIIBHOI IPOAYKIIiT, 0COOJIUBO
B aBTOMOOUIbHIH HPOMHCIOBOCTI. X04a PI3ZHOMAHITTA
MoJiejiell aBTOMOOLITIB Y Halll Yac JOCHTh BEIIUKE, MMPOTe
OCHOBHI iX MeXaHi3MH, Jie TMPHUCYTHI Bakeni, BiJpi3Hs-
I0ThCsl HE CYTTEBO. Pi3HUIL Moxke OyTH Juie y 3MiHi
TUIOPO3Mipy ab0 PO3TallyBaHHI JAESKUX MOBEPXOHb, TO-
My JouiibHUM € po3pobnenus BII, skuit 3abe3neuntsh
MOXITUBICTh YCTAHOBJICHHS B)KEJIB PI3HUX aBTOMOOLIIB
y IIeBHOMY Jiiara3oHi po3MipiB Ta (OpMH, Ha BiMiHY BiJ
crneuianbHux BII, siKi J03BOJISIIOTH YCTAHOBIIOBATHU JIETAII
JIUIIIE OJIHOTO THIIOPO3MIpY.

$ by 93 & o4
Ty 8§ &8 g I3
ST 835 §8 8 83
S8 S5 ¥ S§ 83
T ¥ SN ¥ s
ST S ST S S
E] &8 S8 &R £

ASY N S« [
Sy g8 83 & TS
Q Q[Y X] Qg

Po3pobiieHo mnepeHanarofKyBaHUil yCTaHOBIIOBA-
JHHO-3aTUCKHUHA MOZAYIb Ui OOpOOKH JeTayieil Tuiry
BaxkenmiB (puc. 1), akuil mpu3HauCHUI 111 BCTAHOBJICHHS
Ba)KENIB PI3HUX THIIOPO3MIPIB y MEXaxX TeXHIYHOI Xapak-
TEPUCTUKH, Ta JO3BOJISE CKOPOTHTH BHUTPAaTH 4acy Ha
MEpPCHANIATO/DKEHHST Ta 3a0e3MeYUTH 1HCTPYMEHTAIbHY
JIOCTYIHICTh 00pOOITIOBAHIX MOBEPXOHB [24].

Mexanizmu
peTyITIOBaHHS
3a TOBIMHOIO
3arOTOBKH

Mexanizm
peryJIOBaHHS
3a JiaMeTpoM
3arOTOBKH

Puc. 1 — IlepenanaropkyBanuil ycTaHOBIIIOBaIbHO-3aTUCKHUI
MOJYJIb JJIsl OOpOOKH JieTaneil THITy BaXKeiB

3anpornoHOBaHa KOHCTPYKILisS NpU3HA4YeHA Ui
BCTAHOBJICHHS BaXKEJIiB y Jialia3oHi JiaMeTpiB EHTPaI b-
HOT OOOMIIKM Ta PI3HOK TOBIIMHOIO TUIeUei, 1o 3.ikic-
HIOETBCS IIUIIXOM PETYJIIOBaHHSA I'BUHTOBHX MEXaHi3MIB,
AKi 3a0e3MeuyoTh 3MiHY BIJICTaHI MK YCTaHOBIIOBAJIb-
HO-3aTUCKHMMM  eneMeHTaMu.  [lepeHanaromkyBaHui
YCTaHOBIIIOBAJIBHO-3aTUCKHUH MOAYJIb MOXKe OyTH BCTa-
HOBJICHHH SIK HAa CTOJI Bepcrara, Tak 1 Ha 0a30BUX IUTH-
Tax, 10 BXOAATH JIO0 PI3HUX KOMILIEKTIB 30ipHux BIL
Take TexHIYHE PIillIeHHS Y CYKYITHOCTI 3 00€pTOBUM CTO-
JIOM BepcTaTa JI03BOJISIE BUKOHATH BCi CBEPUIHIIBHO-
(hpe3epHO-pO3TOTYBaNIBHI Olepallii Ipu He3MIHHOMY 3a-
KpIIJICHHI 3arOTOBKH Ha OJIHII KOMIUIEKCHIN omepauiii,
BUKOHYBaHii Ha 00pobiroBansHoMy 1ieHTpi 3 UIIK. Ta-
kum unHoM, TIT ckopouyeThbes Ha S oneparii (puc. 2).
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Puc. 2 — TTopiBHSHHS TEXHOIOTTYHUX MapIIPYTiB 00poOKH fAetaii «Baxiaby:
a — TUIOBUI TEXHOJIOTIYHUI TIPOIIeC; O — 3aMPOMOHOBAHMI TEXHOIOTTYHU MPoIeC
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JInst BUBHAUYCHHS MOXKIIMBOCTI TOCSTHEHHS TOYHOCTI
po3MipiB, (OpPMH Ta B3aEMHOTO PO3TAIyBaHHS IIOBEP-
XOHb BajKellsl TPH TPOBEJCHHI MeXaHI4HOi 0OpoOKM BU-
KOHAHO JIOCI/DKEHHS HalpyKeHO-1e()OPMOBAHOTO CTaHy
(HAC) Ta BU3HAYEHO MEPEMIIICHHS CIIEMCHTIB CHCTEMU
«BIT — 3aroroBka» mijJ Ji€l0 30BHIIIHIX HABaHTAKCHb
(cwm 3akpiluieHHS Ta pi3aHHA, MOMEHTH). JlOCIipKEHO
minHicte BIl nuiixom BU3HA4YeHHsS EKBIBAJICHTHUX Ha-
NPY)KEHb Y MICIIIX KOHTAKTY, BUSIBICHO KOHICHTPATOPH
HAMpPYXEHb, [I¢ BEIHYHUHU HAIPYKCHb IEPEBUIIYIOTH
JIOITyCTUME 3HAUYeHHS Uil KOHKpeTHoro marepiany. s
LIBOTO TIOPsiA 13 BUpIlIEHHSIM 3a1aui 3 Bu3HaueHHs HJ[C
MOTPIOHO PO3B’SI3yBATH TAKOXK 1 KOHTAKTHY 33/1a4y .

BcraHoBIIeHO 3aJ1€XKHICTh BENWYMHH HAPYKEHb Ta
TepeMillieHb BiJl CUJI i MOMEHTIB JJIsl IPOTHO3YBaHHS Bij-
XWJICHb BiJI HOMIHAJBHUX PO3MIpiB, 10 Oe3rnocepesHbo
OynyTh BIUIMBAaTH HA TOYHICTHP MEXaHIYHOI OOPOOKH.
[IpoBeneHo nociimKeHHs 31 3MiHAMH CHJIOBUX (DaKTOpiB
Ha mepexojax (pesepyBaHHS OOOHIIOK TOPIIB BaXKeJs,
JIe MOKJIBE BapilOBaHHS TJIMOMHAMH Pi3aHHS.

3a JOTIOMOT 010 BOYZIOBAaHOTI'O MOAYS
Modal Analysis y  po3paxyHKOBOMY  KOMILIEKCI
ANSYS Workbench BusnaueHO 4acTOTH BIaCHHX KOJH-
Banb BII, siki mopiBHAHO 3 yacToTaMu Aii 3HAKO3MIHHUX
KOMIIOHEHT CHJI I MOMCHTIB pi3aHHS Ha BCIX Iepexomax
CBEPTHIBHO-(PE3EePHO-PO3TOUyBAILHHUX OINEpALiil.

IIpu pospaxynkax yci enementu BII 3B’s3yBanuch
MiX co0OI0 HUIIXOM 00’efHaHHs By3uniB. s meskux
noBepxoHp enemeHTiB BII nepenbaueHo MOXIIMBICTD Bi -
HOCHOT'O TIepeMimieHHs 3 koedirierrom tepts [25]. Tunu
KOHTaKTIB 1 XapaKTePUCTUKN KOHTAKTHHX Map MIXK IMOBe-
PXHSIMH €JIEMEHTIB HaBeAeHO B Tao. 1.

Pe3yabTaTu qoc/1iIKeHb.

3a mpomomoror ANSYS Workbench modynosani po-
3paxyHKOBI CXeMH Ta OTPHMaHi 3HAYCHHS MIePEeMillleHb Ta
HAINpPYXeHb, [0 BUHHUKaIOTh y eneMeHTtax BII ta 3aroro-
BIIi, a TAKOXX y MiCIIX iX KOHTakTy. Pe3ynbpratu npoBeze-
HOTO YHCEJIbHOrO MOJIEIIIOBAHHS JUIsl BaXKEJiB 13 PI3HUX
rpyn MatepianiB (cranp 40XH, cipuii waByn CY20 Ta
anoMiHieBuil cruiaB AJI4) 3 BU3HAuUCHUMM 3HAYECHHSIMU
MaKCHMaJbHHUX CKBIBAJICHTHUX HampyxeHb 3a [V rimore-
3010 MinHocTi ['yOepa-Miszeca [26], Ta MakcHMalbHHX
nepeMilieHb, M0 BHHHUKIM TPH MOJCTIOBaHHI MPOIECY
MexaHigyHoi 00poOku st BII TumoBoro Ta 3ampornoHoBa-
Horo TII, maBeneni y tabxn. 2. ImrocTpamii pesysbraTiB
MOJIENIOBaHHS NIpU (pe3epyBaHHI TOPII OOOMIIKH TOJIO-
BHOT'O OTBOpY HaBezieHI Ha puc. 3-0.

Jlnst BUSIBIICHHS 3aJISKHOCTI BETMYMHH TIEPEMIlIICHb
BiJl TIMOWHY pi3aHHS BUKOHAHO MOJICIIIOBAHHS (pe3epy-
BaHHs TOpLS OOOMIIKK JOMOMIXKHOTO OTBOPY Ba)els,
PO3TAIIOBAHOIO MEPICHANKYISIPHO TOMOBHOMY. Pe3yib-
TaTH MOJIENIOBaHHS HaBezeHl y Tabi. 3. 3a oTpuMaHUMU
JAHUMH M00YI0BaHO Tpadiky 3aJIeKHOCTI BEIMYHHU I1e-
peMillieHb i Hanpy>KeHb Bix ruOuHY pisanus (puc. 7, 8).

[epemirieHnst, M0 BUHHKAIOTh Ha BCIX Mepexoaax
MexaHiuyHoi 00poOku B cranmaptHux BII Ginbmii, HiX y
3anpononoBanomy BII. Ie cBiguuTh mpo Te, 1o 3a iHImuX
PIBHHX YMOB BiJXWIJICHHSI PO3MIpiB, GOpMH 1 B3aEMHOIO
pO3TalIyBaHHs MMOBEPXOHb JAETalli, 10 OOpOOJISETHCS B
3anpornonosanomy BII, OynyTe MeHmInMu, a, OTXKe, TOU-
HICTh 00pOOKHM 30inbInyeThes. HampykeHHsT Ha JEsKHUX
nepexojax mnpu oopoOii B 3anpornonoBanomy BIT Ginbii,
HiX y crangapTHoMy BII, 1110 NOSICHIOEThCS pI3HUMU Be-
JIMYMHAMH IUIOLII KOHTaKTHOI B3aemonil enementis BIT i
3arOTOBKHM, YaCTKOBO BHKIIMKAaHI XapaKTepoM IpHUKIIa-
JlaHHs cui 3akpirtuierHs it BIT pi3HUX KOHCTPYKIIiH.

Tabmums 1 — Eckizu BII Ta rpynu KOHTaKTHHX map

BII Cxema po3TalllyBaHHs KOHTaKTiB XapakTepucTHKa peai3oBaHuX rpym 3’ €IHaHb
P Jomow! s KonTakr 1 — «00KOBi MOBEPXHi MPH3M — OOKOBI MOBEPXHI BAXKEIIS»:
= MOBEPXHI MpU3M — pudieHi;
£ MOBEPXHI 3arOTOBKH — HE0OpOOIIeHi,
2 koeoirient Tepts — 0,7;
§ KonTakt 2 — «po0odyi moBepXHi MPHU3M — NI HAPHYHI TIOBEPXHI Ba-
S eI
5] TIOBEPXHI PU3M — IJIaJIKi;
™ TOBEPXHS 3arOTOBKH — HeoOpoOIieHa;
koeimient Teprs — 0,2.
by O Konrakr 1 — «omopa — Toperb Baxes»:
5 g MOBEPXHsI ONOPHU — pU(IIeHa;
E e TOBEPXHS 3arOTOBKH — He0OpoOIeHa;
= = = koedirient Teprs — 0,7;
EoC KoHTaKT 2 — «3aTUCKHI MOBEPXHI MPUXOILIIOBa4Ya — OOKOBI IOBEPXHi
g BaXKEIS»:
s < . .
= TIOBEPXHI MPUXOILTIOBaYa — IIIaJIKi;
s g MOBEPXHI 3arOTOBKK — HEOOPOOIIeHi,
O = koedirient Teprs — 0,2.
w Konrakr 1 — «ommopa — O0KOBi IIOBEpXHI BayKeIs»:
5 3 3.
& = TIOBEPXHI OTop — pudeHi; _
== TIOBEPXHi 3arOTOBKH — HeoOpoOIeHi;
E o . . b
=S koediuient Teprs — 0,7.
QO ©
s '8 2
g 5 o
S E
s 2
5 g2
© s
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J1J1st YnCTOBHX TEpexo/iB i3 puc. 7 MOXKHA BU3HAYH-
TH JIONYCTHMI TNIMOWHU Pi3aHHsI, MIPU SIKUX TEpPEeMIileHHS],
10 BUHUKAIOTh NPU 00poO1i, He OyIyTh NEpEeBUIIYBATH
BEJIMYMHA JONYCTUMHX BiAXwieHb po3Mmipis. Lle mo3Bo-
JIUTH OLTBII TOYHO MPOTHO3YBATH JIOCATHEHHS TOYHOCTI
00pOOKH Ha KOHKPETHi oneparii 4 rnepexoi.

I3 puc. 8 MOXyTh OyTH BHU3HAUEHI JOIYCTUMI TJIH-
OvHM pi3aHHS, NPU SKUX BIJACYTHI 3aJIMIIKOBI jaedopma-
uii. Le no3BONsie MiABUINUTH NMPOAYKTUBHICTH MEXaHid-
HOI OOpOOKM 3a paXyHOK BHKOPHUCTaHHS MaKCUMaJIbHUX
MOXJIUBOCTEH IHCTpYMEHTA Ta BepcTara.
st 3ano0iraHHs BUHUKHEHHS SIBUIA PE30HAHCY B MPO-
Ieci MexaHiuHOi 00pOOKM BaXkeNs HEeoOXimHO, MO0 yac-

TOTA BJIACHUX KOJHMBaHb ejemeHTiB BII He crmiBmamana 3
YaCTOTOK Mporiecy pizaHHs. OIHUM i3 NUIAXIB BHPIMICH-
HI 11i€i MpoOJieMH € IpU3HAYEHHS 1HIINX PEXUMIB pi3aH-
Hi. J[ms 1pOro 3a JOMOMOrOH BOYIOBAHOTO MOMYJIS
Modal Analysis y pospaxyHkoBomy komriuiekci ANSY'S
Workbench Bu3HaveHi 4acTOTH BiacHHX KojuBaHb BII
JUIS THIIOBOTO Ta 3amporonoBanoro TII Ta BUKOHaHO iX
MOPIBHSIHHSA 3 YacTOTAMU, SIKi BUHHKAIOTH Y MPOIECI Me-
XaHIYHOi 00poOKH (Tabi. 4). Pe3ynbTaTu aHAIi3y J03BO-
JISIIOTh BU3HAYATH HEOOXITHE BiIIAIITYBAaHHS BijJ pe30oHa-
HCY.

Tabumus 2 — Pe3ynbTaTu YuceIbHOr0 MOAETIOBAHHS 00pOOKH BayKewiB i3 pi3HUX MaTepialiiB

S . . MaxkcumanbHi epeMimmenss, MM | MakcumanbHi HanpyxeHHs, MITa
TexHOIOriYHHI Mepexij, /e BUHUKalTh | Marepian
HAHOGLIbIII HABAHTAXKCHHSI BaKCILA Tunosuit 3anponoHoBaHUI Tunosuit 3anponoHoBaHUN

TII TII TII TII

®DpesepyBaHHs TOPIS GOOHIIKK TOJIOBHO- 40XH 0,08 0,017 132 174
r'0 OTBOPY CU20 0,03 0,015 78 122
AJl4 0,03 0,015 74 121

CBep/UTiHHS TOJIOBHOTO OTBOPY 40XH 0,02 0,019 72 101
C420 0,01 0,017 44 73

AJl4 0,01 0,019 38 61

DpesepyBaHHSI GOOUILIKH AOTOMIXKHOTO 40XH 0,18 0,11 604 589
OTBOPY, PO3TAIIOBAHOTO ITapaIEIEHO C420 0,18 0,12 372 364
TOJIOBHOMY AJl4 0,17 0,14 299 288
CBeputiHHS OOOMIIIKH JOMOMIKHOTO 40XH 0,15 0,14 446 620
OTBOPY, PO3TAIIOBAHOTO TapaJIeIbHO C420 0,15 0,13 295 420
TOJIOBHOMY AJl4 0,13 0,13 238 342
®DpesepyBaHHss OOOUIIKU TOMOMIXKHOTO 40XH 0,05 0,046 208 134
OTBOPY, PO3TAILIOBAHOTO MTEPICHINKYIISI- CU20 0,05 0,05 143 91
PHO T'OJIOBHOMY AJl4 0,05 0,05 130 83
CBeputiHHS OOOMIIIKH JOMOMIKHOTO 40XH 0,19 0,12 348 307
OTBOPY, PO3TAIIOBAHOTO MEPIICHINKYIISI- C420 0,23 0,16 302 243
PHO T'OJIOBHOMY AJl4 0,21 0,18 235 199

a 6
Puc. 3 — Limtoctpaliii pe3ynbTaTiB MOJCTIOBAHHS JUIs CTa-
saaptaOro BII s onepariit 05—15 Tumosoro TIT:
a — KapTUHA HAIPYXCHb; 0 — KapTHHA ITEPEMIIICHb

a 0
Puc. 5 — ImocTpartii pe3ynbTaTiB MOICTIOBAHHS JIJIS CTa-
HaaptaOro BIT mns onepariit 05-15 TumoBoro TIT: a —
KapTHHA HATIPY>KEHb; B — KAPTHHA ITEPEMIIIICHb

Puc. 4 — ImrocTpariii pe3ypTaTiB MOACTIOBAHHS IS 3a-
nponoHoBaHoro BII: a — kapTuHa HanpyXeHb;
0 — KapTHHA MIepeMileHb

a 0
Puc. 6 — Lmoctparii pe3ynpTaTiB MOZICITIOBaHHS JUIS 3a-
nportonoBanoro BII: a — kapTuHa HanpyXeHb; B — Kap-
THHA TIEpEMIiIeHb
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Ta6mums 3 — Pe3ynbraTti 4uceIb-HOrO MOACIOBAHHS (hpe3epyBaHH OOOHMIIKY JOTOMIKHOTO OTBOPY,
PO3TaIIOBAHOTO NMEPHEHANKYIISIPHO TOJIOBHOMY

MaxkcrManbHi IepeMileHHs, MM MaxkcumaibHai HanpyxerHs, MIla
I'mubuna pizaHHsa, MM
Tunoswuii TII 3anpononosanuii TIT Tunosuii TII 3anpononosanuii TI1
0,25 0,016 0,018 65 42
0,5 0,027 0,026 115 76
1 0,05 0,047 208 134
2 0,091 0,084 375 241
3 0,128 0,118 529 339
4 0,164 0,152 677 434
s 02 800
s == CTaHOAPTHUI Bl E e CTAHOAPTHMI BN /
& 0,15 - === 3anponoHoBaHwii Bl S 600
z <
o I
& o1 I 400
2 ;
& 0,05 & 200
& &
0 ; . ; . T o
0 1 2 3 4 0 1 2 3 4

FnnbuHa pisaHHA, MM

Puc. 7 — I'pacik 3ane:KHOCT] BETUYMHY [IEPEMIILIEHB BiJ| TJIH-
OWHM pizaHHS

rnnbuHa pizaHHA, Mm

Puc. 8 — I'padik 3anexHOCTI BETMUMHN HANPY)KEHb BiJl TITHOU-
HH pi3aHHA

Tabuuus 4 — Pe3ynbrati JOCHIPKEHHS! BIIACHUX KOJMBAHb BEPCTATHUX IIPHCTPOIB
B . . 1-ma kpuTHYHA 2-ra KpUTHYHA 3-51 KpuTHYHA Yacrora mpouecy
epCTaTHUI IPHUCTPIi .
yacrora, [ 11 yacrora, [ 11 yacrora, [ 11 pizanns, 'y
Crangaprauii s onepatiii 05-15 2186 2595 2835 2999
TunoBoro TI1
Crangaprauii s onepariii 20-30
runosoro TIT 5888 7268 8250 766
3arnpornoHoBaHui 6125 7830 8915 2229

I3 Tabn. 4 Buano, wo aus BIT onepaniit 05-15 tu-
nosoro TII poboua yacrora pi3aHHs Maiike CriBIagae 3
BJIACHOIO YaCTOTOIO, IO CBIXYUTH MPO IOSIBY PE3OHAHCY.
Just inmmx BIT siBuie pe3oHaHCY HE BUHHKHE, OCKIIBKA
nepiia KpUTUYHA YacToTa 3HAYHO IIEPEBHILYE YaCTOTY
MpOLIECy pi3aHHsI.

Taxum guHOM, po3pobnenuit BII nms peanizamii 3a-
nporioHoBaHoro TII € 6impmr sxopetkuM Hix BIT st pea-
mizanii TamoBoro TII, ockiTbky mepIia KPUTHIHA YacTOTa
y 1,04 i 2,8 pa3iB nepeBuIlye KPUTHIHY 9acToTy it BIT
omepariit 05-15 1 20-30 Bigmosiguo. Lle cBiguuTh Mpo
301IBIICHAS AMHAMIYHOI JKOPCTKOCTI po3pobieHoro BIT
Maibke y 9 pasis.

Bucnoskn.

JoBeneHo, mo po3pobieHi TeXHIYH] PilIeHHS CIIp U-
si'0Th iHTeHcudikamii TII mexaHigHOi 00pOOKH Ta HE TIPH-
3BOZSITH /IO TIOTipIICHHS MOKa3HUKIB TouHOCTI. [IpoBeme-
Hi pocmimkeras HJIC mokazamm, mo po3poOieHa KOHC-
Tpykuis BIT s o0poOku BakeniB 3abe3nedye 6araToko-
opAMHATHY OOpOOKY Ta BiAIOBiTa€ yMOBaM MiITHOCTI, a
TaKOX 3HAYHO CKOPOYYE BUTPATU JAOMOMIXXHOIO Ta MiATO-
TOBYO-3aKJIIOYHOTO Yacy.

Pesynpratn umcensHoro moxemosanas HJIC mpo-
necy MexaHiuHOi oOpoOku Baxkens y BII pi3Hux koHc-
TpYKUil OKa3anu, mo odpodka B pozpodienomy BII mae
OLTBII BUCOKI TOYHICHI ITOKA3HUKU TIOPIBHSHO 31 CTaHIa-
praEUMH BII 3a paxyHOK MEHIIIO] BETMYNHH EpEMIlIeHb —
y cepeaaboMy Ha 0,01-0,05 mm.

HamnpyxeHHs1, 1110 BUHHKaIOTh B eixemenTtax BII i mi-
CIIX KOHTAKTY i3 3arOoTOBKOIO TpH 0OpOOILl, BiApi3Hs-
I0ThCSl He3HA4HO, y Mexax 10-50 MIla, i ve nepeBuiry-
I0Th JIOIYCTUMHX 3Ha4eHb Juisi enementiB BII 1 3aroros-
ku. IcToTHa BiaMiHHICT 3HadeHb Ha 100 MIla na nepe-
XOJIi CBEpUTiHHSL OOOHUILKK JOOMIXKHOT'O OTBOPY, IepIie-
HIVKYJSIPHOTO TOJIOBHOMY, MOXKHA IIOSICHHTH PI3HUM
XapaKTepOM CIIPUUHATTS HaBAaHTa)KCHHS BHACTIIOK Bil-
MiHHOCTI KoHCTpyKMii BII. OmHak, me He € KPUTHIHIM,
OCKITBKM TIPH KOE(QIIi€HTI 3amacy MIIHOCTI Ui JaHOL
cucremu 1,5, MakcManbHI Hallpy>KEHH, 10 BUHAKAIOTh
Ha IIbOMY Iepexoji He NEepeBULIYIOTh JAOMYCTUMHX 3Ha-
YeHb.

[omampmmi mOCTIKEHHS CIPSMOBaHI Ha EKCIIEepH-
MEHTAIIbHY TEePEBIpKY Pe3yIbTATiB YHCEIFHOT'O MOICTFO-
BaHHS MPOIIECY MEXaHIYHOI 0OpOOKH NeTalli THUITY BaKe-
JIiB, IO JO3BOJUTH OIIHUTH €(PEeKTUBHICTh pO3POOICHOTO
TEXHIYHOTO PilIeHHs, a TakoK po3pooky BII mis 06po6-
KM 1HIIUX JAeTaliel CKIamHOi (OPMH, BUKOPHCTOBYIOUH
HOBHH MiJIXiJ IO IPOEKTyBaHHS.
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